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(54) [Title of the Invention] OPTICAL SEMICONDUCTOR DEVICE AND MANUFACTURE 
THEREOF 

(57) [Abstract] 

[Object] To provide an optical semiconductor device that can be fabricated with high efficiency, 
has high resistance to heat generated during soldering, and comprises a light transparent part 
necessary for optical semiconductor elements. 
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[Structure] An optical semiconductor device in which a lead frame 20 with an optical 
semiconductor element 30 mounted thereon is arranged inside a package 10, wherein the package 
10 is formed to have a shape of a hollow container with one open end and comprises a heat- 
resistant part 1 1 composed of a heat-resistant thermoplastic resin, in which the side of the lead 
frame 20 where the optical semiconductor element 30 is provided is disposed so as to be exposed 
in the inner bottom portion of a hollow portion 11a, and a transparent part 12 composed of a 
transparent resin filling the inside of the hollow portion 11a of heat-resistant part 11. 

[Patent Claims] 

[Claim 1] An optical semiconductor device in which a lead frame with an optical semiconductor 
element mounted thereon is arranged inside a package, wherein 

said package is formed to have a shape of a hollow container with one open end and 
comprises a heat-resistant part composed of a heat-resistant thermoplastic resin, in which the side 
of said lead frame where said optical semiconductor element is provided is disposed so as to be 
exposed in the inner bottom portion of a hollow portion, and a transparent part composed of a 
transparent resin filling the inside of the hollow portion of the heat-resistant part. 

[Claim 2] The optical semiconductor device as described in claim 1, wherein said transparent resin 
is a transparent thermoplastic resin. 

[Claim 3] The optical semiconductor device as described in claim 1, wherein said transparent resin 
is a transparent thermosetting resin. 

[Claim 4] A method for the manufacture of an optical semiconductor device by sealing an optical 
semiconductor element with a resin, comprising the steps of: 
arranging a lead frame inside a molding die; 

filling the inside of said molding die with a heat-resistant thermoplastic resin and forming a 
heat-resistant part in the form of a hollow container with one open end in which said lead frame is 
exposed on the inner bottom portion thereof; 
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placing an optical semiconductor element on the portion of said lead frame which is 
exposed on the inner bottom portion of said hollow container; 

connecting the terminals of said optical semiconductor element to the prescribed lead 
portions of said lead frame with wires; and 

filling the hollow portion of said heat-resistant part with a transparent resin. 



[0001] 



[Field of the Invention] The present invention relates to an optical semiconductor device in which 
a light-emitting semiconductor element such as a LED or the like or a light-receiving 
semiconductor element such as a phototransistor, a CCD, or the like is sealed with a resin, and to 
a method for the manufacture of an optical semiconductor element. 



[0002] 



[Prior Art Technology] The conventional optical semiconductor devices have been formed by 
placing an optical photoelectric element such as a light-emitting semiconductor element or light- 
receiving semiconductor element on a bipod, introducing a lead frame in which the terminals of 
the optical semiconductor element were connected with bonding wires to the lead portion 
provided around the bipod into a molding die, and sealing by using an epoxy resin by casting or 
with a transfer mold. However, the problem associated with such a method was that 
thermosetting resins such as epoxy resins had a long setting time of 3-5 min during molding and 
the productivity was poor. For this reason, a possibility of using thermoplastic resins as resins 
with a short curing time have been studied. Furthermore, because a light transparent part has to be 
provided in optical semiconductor devices, it is necessary to use non-crystalline transparent 
thermoplastic resins. 



[0003] 



[Problems Addressed by the Invention] The following problems were associated with the above- 
described optical semiconductor devices using thermoplastic resins. Thus, thermoplastic resins 
have an advantage of a short curing time and provide for a high productivity. However, the 
problem was that non-crystalline transparent thermoplastic resins had a low heat resistance and 
could not demonstrate resistance to hot solders, which is necessary for semiconductor packages. 

[0004] With the foregoing in view, it is an object of the present invention to provide an optical 
semiconductor device that can be fabricated with high efficiency by molding the package of the 
optical semiconductor element from a thermoplastic resin with a short curing time, has a high 
resistance to heat generated during soldering, and comprises a light transparent part necessary for 
optical semiconductor elements. It is another object of the present invention to provide a method 
for the manufacture of such an optical semiconductor device. 

[0005] 

[Means to Resolve the Problems] In order to resolve the above-described problems and attain the 
aforesaid object, the present invention provides an optical semiconductor device in which a lead 
frame with an optical semiconductor element mounted thereon is arranged inside a package, 
wherein the package is formed to have a shape of a hollow container with one open end and 
comprises a heat-resistant part composed of a heat-resistant thermoplastic resin, in which the side 
of the lead frame where the optical semiconductor element is provided is disposed so as to be 
exposed in the inner bottom portion of a hollow portion, and a transparent part composed of a 
transparent resin filling the inside of the hollow portion of the heat-resistant part. 

[0006] The present invention also provides a method for the manufacture of an optical 
semiconductor device by sealing an optical semiconductor element with a resin, comprising the 
steps of arranging a lead frame inside a molding die; filling the inside of the molding die with a 
heat-resistant thermoplastic resin and forming a heat-resistant part in the form of a hollow 
container with one open end in which the lead frame is exposed on the inner bottom portion 
thereof; placing an optical semiconductor element on the portion of the lead frame which is 
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exposed on the inner bottom portion of the hollow container; connecting the terminals of the 
optical semiconductor element to the prescribed lead portions of the lead frame with wires; and 
filling the hollow portion of the heat-resistant part with a transparent resin. 

[0007] The employment of the above-described structural features produces the following effect. 
Thus, in an optical semiconductor device in which a lead frame with an optical semiconductor 
element mounted thereon is arranged inside a package, the side of the lead frame where the 
optical semiconductor element is provided and which is to be employed for connection by 
soldering to external components is disposed so as to be exposed in the inner bottom portion of a 
hollow portion of the heat-resistant part in the form of a hollow container that was formed from a 
heat-resistant thermoplastic resin. Therefore, melting of the heat-resistant part by heat at about 
280°C which is generated during soldering is prevented. Furthermore, because the transparent 
part is provided in the hollow portion above the bottom portion, the light-emitting and light- 
receiving functions of the optical semiconductor element can be demonstrated. 

[0008] On the other hand, when an optical semiconductor element is manufactured, the heat- 
resistant part is molded from a thermoplastic resin. Therefore, the curing time can be shortened to 
about 10 sec. For this reason, the optical semiconductor device can be removed from a molding 
die and supplied for subsequent processing immediately upon completion of the injection molding. 
Furthermore, because the transparent part is formed by filling the hollow portion of the heat- 
resistant part formed as a hollow container, the optical semiconductor device can be removed 
from a molding die and supplied for subsequent processing immediately upon completion of the 
filling operation. Therefore, the optical semiconductor device can be manufactured with a high 
productivity. 

[0009] 

[Embodiment] FIG. 1 is a cross-sectional view illustrating the optical semiconductor device of 
one embodiment of the present invention. In the figure, the reference symbol 10 stands for a 
package, 20 - a lead frame, and 30 - an optical semiconductor element such as a light-emitting 
diode or the like. The package 10 comprises a heat-resistant part 1 1 in the form of a hollow 
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container molded from polyphenylene sulfide (PPS) which is a heat-resistant thermoplastic resin 
and a transparent part 12 molded of a polyether sulfone (PES) which is a transparent 
thermoplastic resin, the transparent part being disposed in a hollow portion 11a of heat-resistant 
part 11 . The side of lead frame 20 where the optical semiconductor element 30 is provided is 
disposed so as to be exposed in the inner bottom portion of the hollow portion and is composed 
of a rectangular bipod portion 21 bonded to the optical semiconductor element 30 and a lead 
portion 22 disposed so as to surround the bipod portion 21. Terminals 31 of optical 
semiconductor element 30 are connected to connection portions 22a on the lead portion 22 with 
bonding wires 32. 

[0010] Polyphenylene sulfide (PPS) is a non- transparent resin, but does not melt even at a 
temperature of 280°C. Polyether sulfone (PES) melts at a temperature below 280°C, but is a 
transparent resin. 

[0011] The above-described optical semiconductor device is formed by the manufacturing process 
represented by steps (a)-(c) in FIG. 2. Thus, as shown in FIG. 2(a), the lead frame 20 is disposed 
inside a first molding die 40. The first molding die 40 is composed of an upper mold 40a in which 
an open part of a rectangular grooves faces downward, as shown in the figure, and a frame-like 
lower moid 40b provided with a bottom, the open portion of the lower mold facing upward, as 
shown in the figure. The lead frame 20 is disposed so as to be sandwiched between the upper 
mold 40a and lower mold 40b. Polyphenylene sulfide (PPS), which is a heat-resistant 
thermoplastic resin, is injected via a resin injection hole 41 provided in the bottom portion of the 
lower mold 40b and the inside of the first molding die 40 is thereby filled with the resin. The 
polyphenylene sulfide (PPS) is cured within 10 sec after the filling has been completed, thereby 
molding a heat-resistant part 1 1 in the form of a hollow container. As a result, the lead frame 20 
assumes a state in which it is exposed on the inner bottom portion of heat-resistant part 11. 

[0012] The upper mold 40a is then removed, the optical semiconductor element 30 is placed on a 
bipod portion 21 (bare bonding), and terminals 31 of optical semiconductor element 30 are 
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connected via bonding wires 32 to the connection portions 22a of lead portions 22 provided on 
both sides of the bipod portion 2 1 . 

[0013] A second molding die is then disposed so as to cover the open portion of heat-resistant 
part 1 1. A polyether sulfone (PES), which is a transparent thermoplastic resin, is injected through 
a resin injection hole 51 provided in the second molding die 50 and the hollow portion 1 la is filled 
with the resin. The polyether sulfone (PES) is cured within 10 sec after the filling has been 
completed, thereby forming the transparent part 12 and completing the manufacture of an optical 
semiconductor device. 

[0014] In such an optical semiconductor device, the lead frame which is to be employed for 
connection by soldering to external components is disposed in the inner bottom portion of a 
hollow portion of the heat-resistant part in the form of a hollow container that was formed from a 
heat-resistant thermoplastic resin. Therefore, melting of the heat-resistant part by heat at about 
280°C which is generated during soldering is prevented. Furthermore, because a transparent part 
is provided, the light-emitting and light-receiving functions of the optical semiconductor element 
can be demonstrated. 

[0015] On the other hand, when an optical semiconductor element is manufactured, the heat- 
resistant part is molded from a thermoplastic resin. Therefore, the curing time can be shortened to 
about 10 sec. For this reason, the optical semiconductor device can be removed from the first 
molding die and supplied for subsequent processing immediately upon completion of the injection 
molding. Furthermore, because the transparent part 12 is formed by filling the hollow portion 11a 
of the heat-resistant part 1 1 formed as a hollow container, the curing time can be made as short as 
about 10 sec. Therefore, the optical semiconductor device can be removed from the first molding 
die and supplied for subsequent processing immediately upon completion of the filling operation. 
Therefore, the productivity is increased. 

[0016] As described hereinabove, with the present embodiment, a thermoplastic resin with a short 
curing time can be used for the part requiring heat resistance and for the part requiring light 
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transparency. Therefore, the optical semiconductor device can be manufactured with an increased 
productivity. Furthermore, the entire process from the stage of supplying the lead frame to the 
stage of completion the product can be implemented in one production line. 

[0017] Furthermore, the transparent part 12 may be also molded from a transparent thermosetting 
resin such as a silicone resin, epoxy resin, or the like. In such a process, the heat-resistant part 1 1 
is molded in the first molding die and then disposed in the second molding die where the 
transparent part is molded by casting or transfer molding an epoxy resin which is a transparent 
thermosetting resin. In this case, the curing time of the transparent part 12 is increased, but 
because the transparent part 12 is supported by the heat-resistant part 11 that has already been 
cured, the optical semiconductor device can be removed from the second molding die, while the 
transparent thermosetting resin is being cured. Therefore, the production efficiency can be 
increased. 

[0018] The present invention is, however, not limited to the above-described embodiment. Thus, 
in above-described embodiment, polyphenylene sulfide (PPS) was used as a heat-resistant 
thermoplastic resin. However, a liquid-crystal polymer (LCP) or polyethernitrile (PEN) may be 
also used for this purpose, and a mixture thereof may be also used. Further, polyether sulfone 
(PES) was used as a transparent thermoplastic resin. However, polycarbonates (PC) or 
amorphous polyolefins (APO) may be also used for this purpose, and a mixture thereof may be 
also used. Moreover, an epoxy resin was used as a transparent thermosetting resin, but silicone 
may be also used for this purpose. It goes without saying that other modifications can be made, 
provided that they do not depart from the essence of the present invention. 

[0019] 

[Effect of the Invention] In accordance with the present invention, in an optical semiconductor 
device in which a lead frame with an optical semiconductor element mounted thereon is arranged 
inside a package, the lead frame which is to be employed for connection by soldering to external 
components is disposed in the inner bottom portion of the heat-resistant part in the form of a 
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hollow container that was formed from a heat-resistant thermoplastic resin. Therefore, melting of 
the heat-resistant part by heat at a temperature of about 280°C which is generated during 
soldering is prevented. Furthermore, because a transparent part is provided in the hollow portion 
above the bottom portion, the light-emitting and light-receiving functions of the optical 
semiconductor element can be demonstrated. 

[0020] On the other hand, when an optical semiconductor element is manufactured, the heat- 
resistant part is molded from a thermoplastic resin. Therefore, the curing time can be shortened to 
about 10 sec. For this reason, the optical semiconductor device can be removed from a molding 
die and supplied for subsequent processing immediately upon completion of the injection molding. 
Furthermore, because the transparent part is formed by filling the hollow portion of the heat- 
resistant part formed as a hollow container, the optical semiconductor device can be removed 
from a molding die and supplied for subsequent processing immediately upon completion of the 
filling operation. Therefore, the optical semiconductor device can be manufactured with a high 
productivity. 
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[Brief Description of the Drawings] 



FIG. 1 is a cross-sectional view of the optical semiconductor device of one embodiment of 
the present invention. 

FIG. 2 is a process diagram illustrating a method for the manufacture of the device. 

[Legends] 
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